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ions and molecules in seawater will be needed to advance the field of
analysis of materials dissolved in seawater.

Advances in chromatography in the past 20 years have been achieved
both in the chromatographic columns and in detectors that measure concen-
trations of chemicals in the outflow from the column. Improvements in
column chemistry and in flow and solvent characteristics have increased
speed, selectivity, and resolution of chromatographic separations. Many of
the spectroscopic techniques described in this report, including mass spec-
troscopy, are used at the effluent end of gas chromatographic or high-per-
formance liquid chromatography columns to measure concentrations by a
range of so-called "hyphenated" techniques such as GC-MS, GC-FTIR, HPLC-
UV-fluorescence diode array detectors, and others. Recent developments in
computer control of flow regimens and mixtures of carrier phase solvents
show promise for improving chromatographic techniques. Capillary chro-
matography with supercritical liquids and field-flow fractionation also show
promise (Pimental and Coonrod, 1987). The latter technique allows separa-
tion of larger macromolecules and particles by application of temperature
differences or electric fields across a flow.

Chromatographic systems are inexpensive, and are generally rugged
enough to be operated on a research vessel or could be modified relatively
easily for this purpose. It is possible to pass large volumes of water through
an adsorbent in a device that is the size of an double-A battery, for
preconcentration and separation.

Ion chromatography is very promising for ocean measurements. An-
ions and cations with concentrations below parts per billion can be sepa-
rated and detected. The chromatographic retention time provides informa-
tion on the chemical form of the ion, its oxidation state, and whether it is
complexed with another material.

Future developments that may facilitate ocean measurements from ves-
sels or buoys include miniaturization of chromatographic equipment (so
less solvent is needed per analysis), new solvent transport systems, such as
electrokinetic transport, to reduce power requirements on the pumps, and
more sensitive detectors for liquid chromatography. Certain combinations
of very short columns and flow injection analysis are also promising for
real-time studies.

Electrophoresis has been used for decades to separate organic mol-
ecules on the basis of molecular charge. Capillary zone electrophoresis
combines high voltage with electrophoretic mobility to measure ionic com-
pounds. By adjusting the pH, many organic compounds can be made ionic.
If one uses fused silica capillaries, there is bulk (electro-osmotic) flow of
solution. The combination of electrophoretic and electro-osmotic flows
brings improved separation. Detectors are placed at the end of the flow, as
in chromatography. This method can be used to determine the major ions in